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(57) [Abstract] 

[Problem] It designates that as for this invention, especially, it c 
an hold down the side reaction as ester and unsaturated 
hydrocarbon or other hydrogenation catalyst, hold down also 
accumulation ofthe organic matter and deterioration of catalyst 
with carbonizing it can,the hydrogenation catalyst of high 
activity offers as problem. 

[Means of Solution] Problem of this invention, average pore dia 
meter being 40 to 1000 A, is achieved by thehydrogenation 
catalyst where in porous lithium ajumjn ate which possesses spinel 
type structure where pore volume isthe 0.2 to 1.5 ml/g noble 
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[Claim(s)] 

[Claim 1] Average pore diameter being 40 to 1000 A, hydrogen 
ation catalyst where in porous lithium aluminate whichpossesses 
spinel type structure where pore volume is 0.2 to 1.5 ml/g noble 
metal is bornewith metallic state. 

[Claim 2] Porous lithium aluminate, including lithium , aluminum 
and divalent metal as metal component, the atomic ratio (Li : 
Al) of Li for Al being 0.2:5.0 to 1.5:5.0, it is a valuewhere atomic 
ratio (divalent metal : Al) of divalent metal for Al is smaller than 
2. 0:5. 0,the hydrogenation catalyst which is stated in Claim 1. 

[Claim 3] Divalent metal, is magnesium, zinc, cobalt, nickel 
or copper, the hydrogenation catalyst which is stated in Claim 2. 

[Claim 4] Hydrogenation catalyst where porous lithium aluminat 
e, is displayed with type: Li xMey Al 5 0(i5+X+2y)/2 (However, 
as for x at a quantity inside range of 0.2 to 1.5, asfor y at a 
quantity which is smaller than 2.0, as forthe x+2y number inside 
range of 0.5 to 4.0), statesin Claim 1. 

[Claim 5] Porous lithium aluminate, including kthium and aluminu 
m as metal component, atomic ratio (Li : Al)of Li for Al is 0.2:5. 
0 to 1.5:5.0, hydrogenation catalyst which is stated inthe Claim 1. 
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[Claim 6] Hydrogenation catalyst where porous lithium aluminat 
e, is displayed with type: Li x Al 5 0(i5+x)/2 (However, as for x 
number inside range of 0.5 to 1.5), statesin Claim 1. 

[Claim 7] Hydrogenation catalyst which is stated in Claim 1 whe 
re specific surface area of porous lithium aluminate isthe 30 to 300 
m 2 /g. 

[Claim 8] Hydrogenatior^ c atalyst which is stated in Claim 1 whe 
re defect ratio of center metalof tetrahedron oxygen of spinel 
structure of porous lithium al uminsle is 25 % or lower. 

[Claim 9] Under existing of hydrogenation catalyst which is state 
d in Claim 1, hydrogenationmethod which designates that 
hydrogenation it does carboxylic acid ester as feature. 

[Claim 10] Under existing of hydrogenation catalyst which is stat 
ed in Claim 1, hydrogenationmethod which designates that 
hydrogenation it does unsaturated hydrocarbon as feature.. 

[Gaim 11] (1) Thermal processing doing porous lithium aluminat 
e precursor with 250 to 350 °C, calcining next with the400 to 
600 °C, furthermore calcining with 700 to 1000 °C, forming 
porous lithium aluminate, (2)bearing compound of noble metal in 
porous lithium aluminate, production method of hydrogenation 
catalystwhich (3) designates that compound of noble metal which 
isborne is reduced as feature, states in Claim 1. 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regards useful n 
ovel hydrogenation catalyst in ester and unsaturated hydrocarbon 
or other hydrogenation. 

[0002] 

[Prior Art] Regarding ester and unsaturated hydrocarbon o r other h 
ydrogenation, platinum , palladium , ruthenium ,the rhodium 
and silver or other noble metal, catalyst which is borne m 
activated charcoal , the alumina , silica , zeolite , titania , 
zirconia and silicon carbide or other support aremainly used as 
catalyst. Among these, among catalyst where noble metal is borne 
in activated charcoal, there is many a thing where problem remains 
in regeneration operation due to thestability and oxygen or air of 
noble metal. In addition, with catalyst where noble metal is borne 
in silica orthe zeolite, accumulation and carbonizing of organic 
substance are easy to happen,the catalyst deteriorating, in use of 
lengthy a problem is. 

[0003] With catalyst where noble metal is borne in alumina, theaf 
orementioned way as for problem although it does not happen, 
high dispersionconversion of noble metal is not satisfactory, is 
not something where alsothe catalytic activity is high. 
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Furthermore, problem that occurs desirable side reaction 
happensdepending upon reaction. In addition, with catalyst where 
noble metal is home in titania , the zirconia or silicon carbide, 
thing and high dispersion which bear noble metal in thelarge . 
amount being difficult to do, either catalytic activity is not high 
in thesatisfactory. 

[0004] 

[Problems to be Solved by the Invention] As ester and unsaturated 
hydrocarbon or other hydrogenation catalys t, aforementioned way 
cafalyst whichdoes not have problem is desired. It designates that 
as for this invention, especially, it^can hold down the side reaction, 
ho ld down also accumulation of organic matter and 
thedeterioration of catalyst with carbonizing it can, hydrogenation 
catalyst"oT "8ie ""high activity oiTerFas problem. 

[0005] 

[Means to Solve the Problems] Problem of this invention, averag 
e pore diameter being 40 to 1000 A, is achieved by 
thehydrogenation catalyst where in porous lithium aluminate 
which possesses spinel type structure where pore volume isthe 0.2 
to 1.5 ml/g noble metal is borne with metallic state. 

[0006] 

[Embodiment of Invention] Hydrogenation catalyst of this invent 
ion, average pore diameter being 40 to 1000 A, is something 
wherein porous lithium aluminate which possesses spinel type 
structure where pore volume is 0.2 to 1.5 ml/gthe noble metal is 
borne with metallic state. As this noblejnetal, platinum, 
palladium , rutheniu m , r hodium a nd the silver etc are listed, 
with mis invention, as for these noble metal with themetallic 
state are borne in porous lithium aluminate. 

[0007] As porous lithium aluminate of this invention, porous lithi 
um aluminate, being something which includesthe lithium , 
aluminum and divalent metal as metal component, atomic ratio 
(Li : Al) of theLi for Al being 0.2:5.0 to 1.5:5.0, you can list to 
ideal (Especially Li : Al being 0.2:5.0 to 1.3:5.0, divalent metal : 
Al is 0. 1 :5.0 to 2.0:5.0. )aforementioned porous lithium 
aluminate which is a value where atomic ratio (divalent metal : Al) 
of divalent metal forthe Al is smaller than 2.0:5.0. 

[0008] And, as for this porous lithium aluminate, especially, it is d 
esirable to be aaforementioned porous lithium aluminate which is 
displayed with type: Li x Mey Al 50(i5+X+2y)/2 (However, as 
for x at a quantity inside range of 0.2 to 1.5, asfor y at a quantity 
which is smaller than 2.0, as forthe x+2y number inside range of 0. 
5 to 4.0). As aforementioned divalent metal, magnesium , zinc , 
cobalt , the nickel and copper are desirable, but magnesium and 
zinc aredesirable even among them, furthermore zinc is desirable. 
You can list for example lithium zinc aluminate and lithium 
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magnesium aluminate as porous divalent metal lithium aluminate 
which includes thelithium , aluminum and divalent metal as metal 
component. 

[0009] In addition, porous lithium aluminate, being something whi 
ch includes lithium andthe aluminum as metal component as 
porous lithium aluminate of this invention, you can list toideal 
aforementioned porous lithium aluminate where atomic ratio (Li : 
Al) of Li for the Al is 0.2:5.0 to 1.5:5.0 and especially 0.5:5.0 to 
1.5:5.0. And, as for this porous lithium aluminate, especially, it is 
desirable to be aaforernentioned porous lithium aluminate which is 
displayed with type: Li x Al 5 0(i5+x)/2 (However, as for x 
number inside range of 0.5 to 1.5). 

[0010] As for porous lithium aluminate of this invention, accordin 
g to X-ray diffraction, Li x Mey Al 5 Os whichderives in crystal 
structure of compound which is <Esplayed with Li Al 5 Os oronly 
diffraction line which derives in crystal structure of compound 
which isdisplayed with Li Al 5 Os appears appears or, or Li x Mey 
Al 5 Os or diffraction lineand diffraction line which derives in 

crystal structure of compound which isdisplayed in with Li A102 it 
is a compound where. Furthermore, spinel structure of porous 
lithium aluminate which is used with this invention maybe defect 
spinel structure. 
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[001 1] Porous lithium aluminate of this invention may be somethi 
ng where only surface part has thespinel structure, for example 
surface part inside may be something of amorphous or 
othercrystal structure with spinel structure. In addition, porous • 
lithium aluminate which is used with this invention does not have 
thenecessity for chemical composition of inside to be same as 
surface part, the for example inside may be something which such 
as alumina from other substance isconstituted. 

[0012] Furthermore, porous lithium aluminate of this invention d 
oes not have acid site (site where adsorption heat which occurs 
due to adsorption of the ammonia is 90kJ/ mole or more. ) 
whichis strong in surface, or or it is desirable even with when it 
hasthe strong acid site for value to be below 0. 1 millimole/g. It 
can measure adsorption heat which occurs due to adsorption of the 
ammonia, due to method which is stated after " surface , Vol. 20 , 
12th number, 697 page ". 

[0013] In addition, as for porous lithium aluminate of this invent' 
on, it is desirable for defectratio of center metal of tetrahedron 
oxygen of spinel structure to be 25 % or lower, defect ratio of 
center metal of tetrahedron oxygen of this spinel structure is 
something whichis measured by profile fitting method which is 
stated after "J.Cerami cs oc.Jpn.,104,774(1996)". 

[0014] Porous lithium aluminate of this invention is used usually, 
as powder , the particle or pellet or other molded article. Those 
size especially are not limited, but with powder those ofthe 
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particle diameter 20 to 100 pm, with particle those of 4 to 200 
mesh, with molded article those ofthe diameter 0.5 to 10 mm are 
desirable. In addition, as for porous lithium aluminate of this 
invention, specific surface area (BET specific surface area) 30 to 
300 m 2 /g andthe especially 50 to 200 m 2 /g , furthermore being a 
50 to 150 m 2 /g is desirable. 

[0015] As for porous lithium aluminate of this invention, specific 
surface area (BET specific surface area) can also be able 
produceproduce from alumina sol and aforementioned lithium salt, 
in addition, fromthe alumina particle and lithium salt (Such as 
lithium nitrate and lithium hydroxide) of 30 m 2 /g or greater and 
preferably 30 to 300 m 2 /g. porous lithium aluminate is formed 
this time, porous lithium aluminate precursor (In alumina 
particle lithium salt those which it adsorbs or deposit, or blend of 
alumina sol and lithium salt) 1 to 2 0 hour by calciningwith 500 
°C or higher and preferably 700 to 1000 °C„ but 0.5 to 5 
hours thermal processing it does these precursor firstwith 300 °C 
vicinity (250 to 350 °C), 0.5 to 5 hours calcines next with 500 
°C vicinity (400 to 600 °C), furthermorethe 1 to 2 0 hour it is 
desirable with 700 to 1000 °C to calcine. Furthermore, it is 
possible to add water soluble salt of aforementioneddivalent metal 
to according to need and starting material, at time of this 
producing. 

rQ016"[H ydrogenation cataly st of this invention aforementioned 
way in porous lithium aluminate, issomething where platinum , 
palladium , ruthenium , rhodium and the silver or other noble 
metal are borne with metallic state. In this catalyst, as for support 
amount of noble metal, it is desirable to be aO.l to 10 weight% 
and a especially 0.5 to 7 weight% as noble metal atom, vis-a-vis 
porous lithium aluminate. Furthermore, in these noble metal, 
platinum , palladium and ruthenium aredesirable. 

[0017] It can acquire catalyst where noble metal in porous lithium 
aluminate is borne withthe metallic state, by reducing with 20 to 
300 °C after acquiring catalyst wherethe compound of 
aforementioned noble metal is borne in porous lithium aluminate 
by the impregnation method and evaporating to dry solid method 
or other conventional bearing method , this with hydrogen , 
carbon monoxide , sodium formate , the hydrazine , oxalic acid 
and formalin or other reducing agent . Furthermore, pore 
characteristic and specific surface area of catalyst where noble 
metal inthe porous lithium aluminate is borne with metallic state 
pore characteristic and specific surface area of porous lithium 
aluminatewhich it uses as support are same substantially. 

[0018] This time, as compound of noble metal, halide of for exa 
mpleaforementioned noble metal ( chloride , bromide , iodide and 
fluoride ), inorganic acid salt (Such as nitrate salt , sulfate and 
phosphate), organic acid salt (Such as acetate , benzoate and 
acetoacetonate) is used. As those concrete example, you can list 
platinum chloride , palladium chloride , palladium bromide , the 
palladium iodide , fluoride palladium , lithium tetrachloroplatinate , 
sodium tetrachloroplatinate , potassium tetrachloroplatinate , 
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ruthenium chloride , the ruthenium iodide , rhodium chloride , 
rhodium bromide , rhodium iodide or other halide and palladium 
nitrate , palladium sulfate , the palladium phosphate , rhodium 
nitrate , rhodium sulfate , silver nitrate or other inorganic acid 
salt and palladium acetate , palladium benzoate , the palladium 
acetoacetonate and rhodium acetate or other organic acid salt. 

[0019] As for hydrogenation catalyst of this invention, hydrogena . 
tion doing carboxylic acid ester (Such as for example mono 
carboxylic acid ester and dicarboxylic acid diester), 
hydrogenationmethod which obtains hydroxy carboxylic acid ester 
and/or alcohol and, hydrogenation doing unsaturated 
hydrocarbon (Such as for example heterocyclic unsaturated 
hydrocarbon and acetylene hydrocarbon), there are not times 
when it causes the side reaction in hydrogenation method etc 
which obtains saturated hydrocarbon, theaccumulation of organic 
matter and deterioration of catalyst with thecarbonizing they do 
not cause, it is useful as catalyst of high activity. Regarding 
hydrogenation of for example oxalic acid diester or other 
carboxylic acid ester (Especially, dicarboxylic acid diester ), 
glycolic acid ester or other hydroxy carboxylic acid ester and/or 
ethyleneglycol or other alcohol can be acquired withthe high 
conversion ratio and high selectivity. In addition, 
perhydroquinoline and perhydroisoquinoline or other saturated 
hydrocarbon can be acquired with high conversion ratio and high 
selectivity regarding hydrogenation of quinoline and isoquinoline 
or other unsaturated hydrocarbon (Especially, heterocyclic 
unsaturated hydrocarbon ). 

[0020] Supplying carboxylic acid ester to reactor which is filled, t 

0 do hydrogenation catalyst ofthe for example this invention 
with vapor phase it is possible hydrogenation of carboxylic acid 
ester. This time, as for reaction temperature it is desirable to be a 
80. to 300 °C and aespecially 130 to 250 °C. As for reaction 
pressure, usually ambient pressure or pressurization issuitable. In 
addition, as for contact time, it is desirable to be a 0. 1 to 20 
second and aespecially 0.5 to 10 second extent. In addition, 
reaction of this invention is not something which is limitedto 
vapor phase, it is possible to do even with for example liquid 
phase suspension and trickle system. In case of liquid phase 
suspension, hydrogenation catalyst 0.1 to 10 weight% is used vis-a- 
vis carboxylic acid ester, the hydrogenation is done with reaction 
temperature 80 to 300 °C , preferably 100 to 250 °C , 
hydrogen pressure 1 to 200 kg/cm 2 G and preferably 10 to 150 
kg/cm 2 G. Furthermore, hydroxy carboxylic acid ester and/or 
alcohol which is formed is separated by distillationetc. 

[0021] Supplying unsaturated hydrocarbon to reactor which is rule 
d, to do hydfrogenatioTcatal ysra this invention 

with vapor phase it is possible hydrogenation of unsaturated 
hydrocarbon. This time, as for reaction temperature it is desirable 
to be a 100 to 300 °C and aespecially 130 to 250 °C. As for 
reaction pressure, usually ambient pressure or pressurization 
issuitable. In addition, as for contact time, it is desirable to be a 0. 

1 to 20 second and aespecially 0.5 to 10 second extent. In 
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addition, reaction of this invention is not something which is 
limitedto vapor phase, it is possible to do even with for example 
liquid phase suspension and trickle system. In case of liquid phase 
suspension, hydrogenation catalyst 0. 1 to 10 weight% is used vis-a- 
vis unsaturated hydrocarbon,the hydrogenation is done with 
reaction temperature 80 to 300 °C , preferably 100 to 250 °C , 
hydrogen pressure 1 to 200 kg/cm 2 G and preferably 10 to 150 
kg/cm 2 G. Furthermore, saturated hydrocarbon which is formed is 
separated by distillationetc. 
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[0022] 

[Working Example(s)] Next, listing Working Example and Comp 
arative Example, you explain this invention concretely. 
Furthermore, it sought conversion ratio of starting material and 
selectivity (Ratio of product for starting material which is 
consumed. ) of theproduct with mole reference. 

[0023] Working Example 1 

(Manufacturing porous lithium aluminate) melting lithium nitrate 
(LiN03)4.87g and zinc nitrate ( Zn (N03 )2 * 2 H2O )7.0g in 
pure water 300 ml, after heating to 80 °C on water bath, 
while agitating with same temperature, adding alumina sol 150g (As 
M2O3 20 weight % ) to this solution gradually,the 1 hour it 
agitated. Next, inserting slush state ones which are acquired in 
rotary evaporator, after evap orating, extrusion molding doing 
water, it acquired granule. In air, it dried this granule, with 1 10 
°C, furthermore the2 hours thermal processing did with 300 °C, 
with 500 °C 5 hours calcined lastlywith 3 hours . and 800 °C 
sinter (porous lithium aluminate) which is acquired, from XRD 
analysis ( Figure 1 ) and ICP analysis, was lithium zinc aluminate 
(Li 0.6 Zn 0.2 Al 5 Os ) of Li : Zn : Al =0.6:0.2:5. In addition, 
specific surface area (BET specific surface area) was 81 m 2 /g, as 
for average pore diameter with 1 14 A,as for pore volume was 0. 
31 ml/g with mercury intrusion method . Furthermore, defect 
ratio of center metal of tetrahedron oxygen of spinel structure 
wasthe 7 % with profile fitting which is based on XRD analysis. 

[0024] [Manufacturing hydrogenationj^ atalysi] Ruthenium chlorid 
e (RuCb * 3 H20)1.2933g was melted in solution of hydrochloric 
acid 3 ml and distilled water 17.8 ml, theaforementioned porous 
lithium aluminate (lithium zinc aluminate)9g was added to this 
solution. After bearing ruthenium chloride in said lithium 
aluminate with evaporating to dry solid method , thesolid which 
is acquired in 7.7 weight % sodium formate aqueous solution 50 ml 
6 hours was reduced with the60 °C . Next, filtering reduced 
product, water washing it did, in nitrogen atmosphere, dried 
withthe 130 °C, it acquired hydrogenation catalyst (A) where 
ruthenium metal is borne in theporous lithium aluminate. 
ruthenium support amount of this catalyst was 5 weight % vis-a- 
vis porous lithium aluminate. 

[0025] [Hydrogenation of dimethyl oxalate] In autoclave of 130 
ml capacity, hydrogenation catalyst (A)2g which is acquired with 



ISTAs ConvertedKokai(tm), Version 1.2 (There may be errors in the above translation. ISTA cannot 
be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.9 



JP. 99047597 Machine Translation - FirstPass 



— ;U8 Oml, StfjlffiWl T-ftfc;Kfc7K*ffcfiJSffittlR 
(A) 2g$Atl. 7K3;E6 Ok g/cm 2 GCDSET'I 
3 0°C|CT 5 B#ffi*S{fcfiJ££fTofco 5JSja**TX<7 P 

7h^7^ y »«i Lfc't ^ 5, viOMv> 

[0 0 2 6] Jt&ffjl 

^ A7 Jl £ *- h 1= tfcb y r-7;u = ^- (RN 

: JfcjRft^SD $8 0 0 , Cr'.5^rfllft*Ufrt<D*fflL>fc 
ISfrli, f«SffJl fcH»0»ft*froT, ;UT-Oi*£« 
A<7;us^-icffl*#**i.fc**fcfi(Effltt« (B) tfffc. 
CflDAMRCJUT^ Affl»*li7 ^5 -tl-^LT 5 11% 

7 0m 2 /g-C'$)y, 2 3 AT', 

liO. 4ml/gt'feot: 0 X R D ##r leg "3 < 7 

P77-f^7^->f-f V^lCfc y . *-07. If *jUliJft*© 



COO 2 7] Cva^KvV^;K7)7K^fb] HffiffJl I-J3 

i^r, ymitsimmmm (a) <d«*j y i=±ffi©**ft:E 

JCJBttK (B) 2g*JHl*fcK3Wi. SUtffJi fcH»l=* 
SUbSJSfcfr-o/i:. -toes. i/a.*m&*1 i *4itoW 
8 9. 1 %t% yja-MMyjUHWW? 9. 2%T 



[0 0 2 8] 



[Si] 



ftSSffJ 

ttiSffj 


**ffc 


mm % 


mm % 


SttffJl 


A 


95.4 


86.5 




B 


8 9.1 


7 9.2 



A : Ru-L i 0 . 6 Zno.2 Al 5 0 B 
B : Ru-A I z 0 3 



dimethyl oxalate 7.7g,the methanol 80 ml , and Working 
Example 1 was inserted, with constant pressure of the hydrogen 
pressure 60 kg/cm 2 G 5 hours hydrogenation was done with 130 
°C . When reaction mixture was analyzed with gas 
chromatography , dimethyl oxalate conversion ratio being 95.4 %, 
the glycolic acid methyl selectivity was 86.5 %. 

[0026] Comparative Example 1 

[Manufacturing hydrogenation catalyst] In Working Example 1, in 
porous lithium aluminate in substituting commercial y-alumina 
(RN: Mizusawa Kagaku make) 5 hoursbesides those which are 
calcined are used, doing operation ofbeing similar to Working 
Example 1, it acquired hydrogenation catalyst (B) where 
ruthenium metal isborne in alumina with 800 °C. ruthenium 
support amount of this catalyst was 5 weight % vis-a-vis alumina. 
Furthermore, as for sinter of this alumina, specific surface area 
was 170 m 2 /g,the average pore diameter was 123 A, pore 
volume was 0.4 ml/g. In addition, defect ratio of center metal of 
tetrahedron oxygen of spinel structure wasthe 35 % with profile 
fitting which is based on XRD analysis. 

[0027] [Hydrogenation of dimethyl oxalate] In Working Example 
1, besides above-mentioned hydrogenation catalyst (B)2g is used 
in place ofthe hydrogenation catalyst (A), hydrogenation was 
done in same way as Working Example 1. As a result, dimethyl 
oxalate conversion ratio being 89. 1 %, glycolic acid methyl 
selectivity was 79.2 %. Result of Working Example 1 and 
Comparative Example 1 is shown in Table 1 . 

[0028] 

[Table 1] 
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[0029] Working Example 2 , 

[Hydrogenation of quinoline] In autoclave of 130 ml capacity, qui 
noline ( purity 99.9 % ; sulfur amount 1 ppm ) 60g and 
hydrogenation catalyst (A)3g which isacquired with Working 
Example 1 were inserted, with constant pressure of hydrogen 
pressure 100 kg/cm 2 G the3 0 hour hydrogenation was done with 
180 °C . When reaction mixture was analyzed with gas 
chromatography , quinoline conversion ratio being 98.1 %,the 
perhydroquinoline selectivity was 95.5 %. 

[0030] Comparative Example 2 
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[Hy drogenation of guinoline] In Working Example 1, besides abov 
e-mentioned hydrogenation catalyst (B)2g is used in place ofthe 
hydrogenation catalyst (A), hydrogenation was done in same way 
as Working Example 1. As a result, quinoline conversion ratio 
being 78.7 %, perhydroquinoline selectivity was 75.8 %. Result of 
Working Example 2 and Comparative Example 2 is shown in 
Table 2. 

[0031] 

[Table 2] 
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[0032] 



[Effects of the Invention] With this invention , there are not tim 
es when side reaction is caused, theaccumulation of organic 
matter and deterioration of catalyst with thecarbonizing they do 
not cause, hydrogenation catalyst of high activity can be offered, 
hydrogenation catalyst of thisinv ention is useful as especia lly 
ester and theunsaturafed hydrocarbon or other hydrogenation 
catalyst. 



[Brief Explanation of the Drawing(s)] 

[Figure 1] XRD spectrum of porous Itffiun^aQ^ (lithium zinc 
aluminate) which is acquired with Working Example 1 is shown. 
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[Figure 1] 
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